The production of chemicals from the brown seaweeds is one of the oldest branches of the-chemical industry, having its origin as far back as I720 when soda was first produced from kelp in France, and soon after taken up in Ireland, Scotland and Norway. Until the early nineteenth century this was the only source of this chemical on which the glass and soap industries were built up. When the cheap Leblanc soda later became competitive the industry was able to switch to potash and iodine production, a demand for which had arisen about the same time. This industry reached sizeable proportion, as is evidenced by the fact that in I820 more than 20,000 tons of kelp were produced in the Outer Hebrides, involving the collecting and burning of about a million tons of cast weed.
industry which suggested that a new one could be built up on modern lines, provided fundamental data were obtained and new techniques developed.
In 1929, C. W. Bonniksen, wJ10was then working in the Chemistry Department of University College, London, reinvestigated the alginic acid discovered by Stanford fifty years earlier, and he conceived the idea that it might be possible to produce cellophane-like material from this algal chemical. In pursuance of this idea, he and a number of his university colleagues formed a company for the purpose of collecting brown seaweed, extracting alginic acid therefrom and converting it into cellophane, Despite almost insuperable difficulties some measure of success had been achieved by 1939, when a small factory was in operation at Bellochantuy on the Mull of Kintyre, although the outbreak of the war put a stop to the commercial fruition of this project. However, the earlier work was not wasted, as after two or three years of war it became obvious to the Government that a substitute for jute hessian required for camouflage purposes was urgently needed; furthermore, it was abundantly clear that the basic starting material would have to be found in Britain.
The Ministries of Supply and Home Security therefore set in train a number of projects and collaborative investigations aimed at developing a camouflage textile from alginic acid which it was hoped could be obtained in adequate quantities from indigenous seaweed. This development involved the design and construction of three factories for the production of alginic acid; the responsibility of establishing these and operating them on behalf of the Government was given to Bonniksen and his colleagues. At the same time, fundamental and technical investigations were carried out in several University and Government laboratories and in the laboratories and workshops of a number of textile firms, aimed at the production first of a yarn from alginic acid and subsequently the fabri~ation of a textile suitable for camouflage purposes.
Success followed their combined efforts, although by the time that the work was complete the need for this material had decreased, as the Japanese were then being pushed back and their threat to the Indian jute supplies minimized.
As a direct outcome of this wartime work there were three large and wellequipped factories established on the west coast of Scotland, but once the wartime need for alginate fabrics lapsed there was a very grave risk that the new seaweed chemical industry would, after all, fail to become established on a permanent basis. The wartime investigations had revealed many gaps in our knowledge. For instance, little was known about the type, location and availability of the brown seaweeds growing in Scottish inshore waters. Next to nothing was known about the chemical composition of even the common species, and no methods for harvesting the sublittoral brown algae had been developed.
The Scottish Seaweed Research Association was therefore formed towards the end of 1944 at the instigation of the Scottish Council on Industry, the Ministry of Supply, the Scottish Office, the Department of Scientific and Industrial Research, the Marine Stations, and semi-official and independent organizations interested in seaweed utilization, to provide the basic information on which it was hoped that non-governmental interests could build up an industry based on Scottish seaweed, primarily with a view to bringing useful employment to the crofter population of the Scottish Highlands and Islands. .
From the outset it was realized that a combined sociological and applied marine biological experiment of this magnitude required an unconventional approach on the widest possible basis, and the pattern which has been followed is probably unique in the annals of marine science or industrial development.
A programme of research and development was outlined and the problems there defined have subsequently been investigated by the Association's own staff of botanists, chemists, chemical engineers and engineers, and by fifteen University and Government or state-aided laboratories, in close collaboration with the interested industry and the appropriate Government departments and Ministries.
. The Seaweed Research Association's early operations were based on accommodation made available by the Chemistry Department of the University of Edinburgh, but the growth of the Association's activities and the University's need for all its laboratory facilities at the termination of hostilities resulted in accommodation having to be found elsewhere. Since 1947 the Association's headquarters have been the Institute of Seaweed Research at Inveresk Gate, an old mansionhouse standing in. I I acres of land which has been converted to house chemical, botanical and engineering laboratories and workshops and the necessary library and office facilities. In addition, four outstations at Oban and Dunbar on the mainland, Kirkwall in Orkney, and Lochmaddy in North Uist, have been set up from which the survey and experimental vessels have operated.
Although the original research and development programme has not yet been completed, considerable progress has been made both by the Association's staff and by its extra-mural collaborators.
Investigations so far completed have covered the development of methods for the quantitative survey of brown seaweed beds (Walket, 1947a) , and their application to the Scottish littoral (Walker, 1947b; Gibb, 1950) and sublittoral zones (Walker, 1947a (Walker, , 1950 ; the study of ecological factors (Walker, 1948; Moss, 1948 Moss, , 1950a Black, 1950b; Black & Dewar, 1949) , and the determination of optimum conditions of weed growth by controlled cUlture (Smith & Walker, 1948) .
With a view to developing new and extended uses of seaweed and seaweed products, studies of the chemistry of algal chemicals have been made (Percival & Ross, 1948b , 1949 , b 1951 Chanda & Percival, 1950; Connell, Hirst & Percival, 1950) , methods of analysis developed (Cameron, ,Ross & Percival, 1948; Percival & Ross 1948a; Black, Cornhill, Dewar, Percival & Ross, 1950) , and determinations of the chemical composition of the priricipal indigenous brown algae and its variation with species, season, age, environment, etc., carried out (Black, 1948a, b, c; 1949; 1950a,c) .
Methods have also been developed for the production of such constituents and their derivativesas are found to be of potential technical value (Bashford, Thomas & Woodward, 1950; Black, Dewar & Woodward, 1951) , and the value of seaweed as a component of animal feed and as a fertilizer assessed.
As the ultimate successof an industry based on seaweedmust depend upon adequate supplies at a reasonablecost, the effortsof the engineering staff have been largely directed to the development of economic harvesting techniques (Mackenzie, 1947; Jackson, 1951) and the determination of optimum conditions of drying, grinding and handling.
The Associationis not a commercialorganization,but is so constituted that any individualor organizationin Britain in any wayinterested in the utilization of seaweedcan becomea member by payment of a nominal fee. Bythis means scientificand technical data as it becomes availablecan be and is made use of with the minimum of delay by the universities, research organizations and by industry .
The Board of Management of the Scottish Seaweed Research Association has alwaysrealizedhowever,that, in addition to beingresponsiblefor providing the basic information on which a rural industry can be established, it has the far more important and exacting task of ensuring that this is understood and applied in such a manner as will benefitthe rural community without spoliation of any of the nation's natural marine resources.
This has involved the putting into effect of a sizeable public relations and educational programme by means of wide circulation of technical and progress reports, press releases, and semi-popular articles (cf. Jackson 1948), the production and display of informative films and the giving of lectures, radio talks, demonstrations, exhibitionsand discussions,and the holding of informal meetings at which the need for balanced conservation techniques has been stressed.
This programme, amongst other things, has been aimed at showingboth the crofter and lay public and the interested industry that, largely because of increasing popuhltion pressure and consequent depletion of the country's non-renewable mineral reserves,increasinguse will inevitably have to be made of our renewable resources (Woodward, 1950a, b) . As Britain's agricultural and forestry techniques are as advanced as any in the world, and as a very high proportion of the land area is already under extensive cultivation, the sea is virtually the only untapped indigenous source of new organic material. .
That the operations of the Associationand those associatedwith it have not been without successis indicated by the fact that its original membership has doubled since its formation in 1944;whereas in 1944there were no companies specifically harvesting seaweed, now there are two about to commence operations. In 1944 there were five companies in Britain using seaweed for chemical production or agricultural use, now there are eight. There has, in addition, been a significantexpansionwithin the industry during this time, and as a result cast weedisnow collectedin S. Uist, N. Uist, Benbecula,Barra,Lewis, Tiree, the Orkneys and in the Fraserburgh and Peterhead areas. The total tonnage of seaweed collected in Scotland has increased sevenfold in the last five years, and the total number of collectorshas increased sixfold during that time. As a direct outcome of this expansion in the industry there is now no male unemployment in S. Uist.
Alginateproduction is at the time ofwriting Britain's majorseaweedindustry, and this chemicalnow sells in twenty countries abroad as well as in the home market. British agar production has similarly developed since the end of the war. Whilst accurate figures for the output of the five British alginate and agar-producing firms are not available, it is fairly certain that the industry is producing these chemicals to the value of about £700,000 per annum at the present time, a not inconsiderable portion of which represents wages paid to the seaweedcollectorsand the operativesemployedin the four Scottishseaweed processing factories located near Girvan, Oban and Lochboisdale. As this industry, which is still expanding, has virtually been built up since the war, it can reasonablybe claimedthat the £120,000 so far provided by the Treasury from the Development Fund, together with the additional £n,500 subscribed by industry and private interests to further the work of the Association,has been a sound investment, for only'asthe result of this research and development work and that of the Association's member firms has this been made possible.
Much, however, still remains.to be done, as commercial outlets for algal chemicals other than alginic acid and agar have yet to be established, and the mechanical harvesting of Scotland's 10,000,000tons of brown .seaweedand adequate resources of red weed have yet to be carried out on the commercial scale.
A list of publications so far issued or submitted for publication under the auspices of the S.S.R.A. (up to October 1950)is herewith appended.
